II. NETWORK DESCRIPTION AND MEASUREMENTS
shows the one line diagram of the transmission network of the electric distribution utility. The 132 kV network where the distribution substations (DS) under study are connected works meshed and connected to the 500 kV high voltage transmission system, through two points. The field measurements were carried out in the three DS where additional compensation will be required by the network reconfiguration (DS1 DS2 DS3). Harmonic levels of voltage and currents were recorded along one week.
Voltages and currents were also measured during connection and disconnection of the present capacitor banks in order to observe the transients produced by such switching. A. Characteristics ofDS1. DS 1 has two transformers of similar characteristics, 132/34.5/13.8 kV and 15/10/15 MVA. They are connected in parallel in 13.2 kV feeding the loads. DS1 has two capacitor banks of 4.8 MVAr each, which are connected to each busbar of 13.2 kV. Fig. 2 also indicates where the harmonic record equipment was installed. The three phase voltages (Ut U2 U3) were measured in 13.2 kV. Currents were measured in only one phase in three different places: transformer 1, transformer 2 and capacitor bank 2.
Harmonics were recorded in voltages and currents along 8 days. Both 13.2 kV busbars were connected in the usual operating configuration. During measurements the capacitor bank 1 was always out of service while capacitor bank 2 was connected at certain moments as inferred from the measurement of the current through it. The voltage and current transients were recorded during connection and disconnection of this bank.
B. Characteristics ofDS2. Harmonics were measured for 7 days. Fig. 4 2) Current harmonics in steady state Fig. 11 shows the THD profile of one phase current in the 13.2 kV winding. The active filter rating will depend on whether it is used to supply the reactive at industrial frequency or the current harmonics that should be eliminated from the network.
B. Transients State
Due to the possible coexistence of the traditional compensation and that of an active filter, the latter is subjected to voltage transients produced by connection and disconnection of traditional capacitor banks installed in the same busbar or in a different one. [3] - [4] . Fig. 12 shows that the magnitude reached by the phase to ground voltage in DS3 during transient was = 2 p.u.. Then, this requirement should be taken into account when designing the active filter [4] .
VI. STUDIES OF FUTURE COMPENSATION
In the future, it will be necessary to work in a radial network connected only to one 500kV point of the system, as shown in Fig. 13 . The requirement to enhance the voltage profile at 132 kV level results from the load flow studies for the configuration shown in Fig. 13 . Also an annual demand increase of 7.5 % is taken into account. Then, it is suggested to increase the reactive compensation through capacitor banks connected to the 13.2 kV windings in the 3 distribution substations. [2] .
It is also necessary to carry out harmonic studies to determine the effects of the future capacitor banks in voltage distortions at different points of the network [5] and verify the operating conditions of the capacitor banks [6] . It is supposed that harmonic pollution increases in the same percentage as load demand over the present measured harmonics.
A. DS1
The substation DS1 will be far away from the connection point to HV system. Then, an increase of 9.6 MVAr in the reactive compensation connected to the 13.2 kV busbar will be required. This may be implemented with 2 modules of 4.8 MVAr shunt connected to capacitor banks 1 and 2. Harmonic studies indicate that voltage distortions would meet the limits imposed by ENRE [5] and that the capacitor banks would not be overloaded by harmonics, according to IEC 60871-1 [6] . Then, it is not necessary to design the capacitor banks as passive filters. Possible resonance conditions were not found near the harmonics of interest.
B. DS2
Load flow studies for DS2 indicate a necessary increase of 19.2 MVAr of reactive compensation, additional to the present 9.6 MVAr compensation corresponding to capacitor banks connected in Tr 1 and Tr 2. This will be implemented with modules of 4.8 MVAr. Different alternatives of capacitor bank modules connected to each transformer are analyzed. This results in alternatives A and B shown in Table VII . Harmonic studies show that both alternatives are comparable regarding distortions and possible overloads. But both of them present possible resonance problems. When alternative B is considered, the connection of 5 capacitor banks in Tr 2 13.2 kV winding, produces a resonance in the 7th harmonic in Tr 1 13.2 kV winding. In this case the harmonics in the network exceeds the limit imposed by ENRE [5] for all the capacitor banks connected in each transformer. Fig. 14 shows the impedance as a function of the frequency in that connection point of the capacitor bank for the present and future condition. A parallel resonance in 350 Hz is clearly observed in the figure. The sensitivity study for alternative A determines possible resonance conditions also at the connection point of capacitor banks in Tr 1. The resonance appears near the 5th harmonics for all the capacitor banks connected in each transformer. Fig. 15 shows the impedance as function of frequency in such connection point of the capacitor bank for the present and future condition for alternative A. A parallel resonance near 250 Hz is clearly observed in the figure. Nevertheless the impedance magnitude is almost half of that of alternative B, its resonance near the 5th harmonic is more harmful than the first alternative. The capacitor banks were not overloaded by harmonics neither for alternative A, nor for alternative B, considering the original capacity and inductance parameters of the circuit.
C. DS3
Load flow studies for DS3 indicates a necessary increase of 4.8 MVAr of reactive compensation, additional to the present 4.8 MVAr compensation corresponding to the capacitor banks connected in 13.2 kV winding. Harmonic studies determined that voltage distortions would meet ENRE requirements [5] and that the capacitor banks would not be overloaded by harmonics [6] . Possible resonance conditions were not found near the harmonics of interest.
VII. ANALYSIS OF AN ACTIVE FILTER INCORPORATION
The possibility of implementing future compensation with an active filter or a combination of active and passive compensation is evaluated in this section. A. DS1 and DS3
The results of harmonic studies for these distribution substations determined that there are no possible resonance conditions when the future compensation is incorporated by means of capacitor banks. Besides, the voltage distortions would also meet the limits and the banks would not be overloaded by harmonics. Then it is possible to implement future compensation in the traditional way with capacitor banks.
B. DS2
The results of harmonic studies for this substation determined that there are possible resonance conditions if the future compensation is incorporated by means of capacitor banks even with different configurations of the passive compensation. Since the active equipment does not establish interaction with the rest of the system producing resonance, future compensation may be implemented with an active filter. This filter should supply the reactive at industrial frequency and eliminate or attenuate harmonic currents from the network [7] .
VIII. CONCLUSIONS
The harmonic studies carried out with the actual load measurements, determined which type of equipment is more convenient for the compensation in each substation.
Based 
